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Abstract
© 2017, Allerton Press, Inc.Currently the Nuclear Safety Institute of the Russian Academy of
Sciences (NSI RAS) jointly with the Hydrometcenter of Russia is developing the system for
forecasting the transfer  of  radio-active substances in  the atmosphere in  case of  radiation
accidents  at  Russian  nuclear  power  plants.  The operation  of  the  system is  based on  the
numerical  hydrodynamic  model  which allows forecasting meteorological  parameters  and is
coupled with the mesoscale dispersion model of the transfer ofradioactive substances in the
atmosphere. The results are presented of 85Kr transport modeling under the conditions of the
ACURATE experiment with three transport models: FLEXPART, HYSPLIT, and the model from the
NOSTRADAMUS software package. It is demonstrated that all three Lagrangian models can give
a qualitative description of concentration fields from the ACURATE experiment with the best
value of the RANK metric (2.5) based on three statistics.
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Keywords
contaminant transfer, NPP, radionuclide, transport-dispersion models, WRF-ARW model
References
[1] R. V. Arutyunyan, L. A. Bol'shov, D. A. Pripachkin, et al., “Actionable Analysis of the Accident at the Fukushima-
1 Nuclear Power Plant (Japan) and Prediction of Its Consequences,” Atomnaya Energiya, No. 3, 112 (2012)
[Atomic Energy, No. 3, 112 (2012)].
[2] R. V. Arutyunyan, D. A. Pripachkin, O. S. Sorokovikova, et al., “Cross-border Transport during Small Discharges
of Radioactive Substances into the Atmosphere,” Atomnaya Energiya, No. 2, 117 (2014) [Atomic Energy, No. 2,
117 (2014)].
[3] V. V. Belikov, V. M. Goloviznin, Yu. V. Katyshkov, et al., “NOSTRADAMUS: A Computer System for Predicting
Radiation Conditions. Verification of the Model of Atmospheric Transport of Contaminants,” in Modeling of the
Transport  of  Radionuclides  in  the  Environment:  Proceedings  of  Nuclear  Safety  Institute  (IBRAE)  (Nauka,
Moscow, 2008) [in Russian].
[4] K. G. Rubinshtein, R. Yu. Ignatov, E. V. Nabokova, et al.,  “Use of the Regional Non-hydrostatic Model for
Determining Meteorological Variables in Forecasting Radionuclides Propagation and Fallout,” Meteorol. Gidrol.,
No. 8 (2009) [Russ. Meteorol. Hydrol., No. 8, 34 (2009)].
[5] D. M. Barker, W. Huang, Y. R. Guo, and Q. N. Xiao, “A Three-dimensional (3DVAR) Data Assimilation Systems
for Use with MM5: Implementation and Initial Results,” Mon. Wea. Rev., 132 (2004).
[6] H. W. Barker, J. N. S. Cole, et al., “The Monte Carlo Independent Column Approximation: An Assessment Using
Several Global Atmospheric Models,” Quart. J. Roy. Meteorol. Soc., 134 (2008).
[7] H. W. Barker, G. L. Stephens, P. T. Partain, et al., “Assessing 1d Atmospheric Solar Radiative Transfer Models:
Interpretation and Handling of Unresolved Clouds,” J. Climate, 16 (2003).
[8] A. K. Betts,  “A New Convective Adjustment Scheme. Observational and Theoretical Basis,” Quart.  J.  Roy.
Meteorol. Soc., 112 (1986).
[9] L. Bolshov and V. Strizhov, “SOCRAT—The System of Codes for Realistic Analysis of Severe Accidents,” in
Proceedings of International Congress on Advances in Nuclear Power Plants (ICAPP'06), Reno, NV, USA, June 4-
8, 2006.
[10] J. Brioude, D. Arnold, A. Stohl, et al., “The Lagrangian Particle Dispersion Model FLEXPART-WRF Version 3.1,”
Geosci. Model Dev., 6 (2013).
[11] F. Chen and J. Dudhia, “Coupling an Advanced Land Surface—Hydrology Model with the Penn State-NCAR MM5
Modeling System. Part I: Model Implementation and Sensitivity,” Mon. Wea. Rev., 129 (2001).
[12] Dataset DATEM (Data Archive of Tracer Experiments and Meteorology), http://www.arl.noaa.gov/DATEM.php
(Accessed March 2015).
[13] R. R. Draxler, “Demonstration of a Global Modeling Methodology to Determine the Relative Importance of Local
and Long-distance Sources,” Atmos. Environ., 41 (2007).
[14] R. R. Draxler, HYSPLIT4 User's Guide, NOAA Tech. Memo. ERL ARL-230 (Air Resources Laboratory, Silver Spring,
MD, 1999), www.arl.noaa.gov/documents/reports/arl-230.pdf.
[15] R. R. Draxler and G. D. Hess, “An Overview of the HYSPLIT_4 Modelling System for Trajectories, Dispersion, and
Deposition,” Austral. Meteorol. Mag., 47 (1998).
[16] R. R. Draxler and G. D. Hess, Description of the HYSPLIT 4 Modeling System, NOAA Tech. Memo. ERL ARL-224
(Air Resources Laboratory, Silver Spring, MD, 1997), www.arl.noaa.gov/documents/reports/arl-224.pdf.
[17] R. R. Draxler and G. D. Rolph, “Evaluation of the Transfer Coefficient Matrix (TCM) Approach to Model the
Atmospheric Radionuclide Air Concentrations from Fukushima,” J. Geophys. Res. Atmos., 117 (2012).
[18] M. B. Ek, K. E. Mitchell, Y. Lin, et al., “Implementation of NOAH Land Surface Model Advances in the NCEP
Operational Mesoscale Eta Model,” J. Geophys. Res., No. D22, 108 (2003).
[19] ERA-Interim Data ofECMWF (The European Centre for Medium-range Weather Forecasts), http://apps.ecmwf.
int/datasets/data/interim-full-daily/?levtype=pl (Accessed March 2015).
[20] Q. Fu, “An Accurate Parameterization of the Solar Radiative Properties of Cirrus Clouds for Climate Models,” J.
Climate, 9 (1996).
[21] S. R. Hanna, “Applications in Air Pollution Modeling,” in Atmospheric Turbulence and Air Pollution Modelling (D.
Reidel Publishing Company, Dordrecht, Holland, 1982).
[22] Y. X. Hu and K. Stamnes, “An Accurate Parameterization of the Radiative Properties of Water Clouds Suitable
for Use in Climate Models,” J. Climate, 6 (1993).
[23] M.  J.  Iacono,  J.  S.  Delamere,  E.  J.  Mlawer,  et  al.,  “Radiative  Forcing  by  Long-lived  Greenhouse  Gases:
Calculations with the AER Radiative Transfer Models,” J. Geophys. Res., 113 (2008).
[24] Integrated Global Radiosonde Archive (IGRA), http://www.ncdc.noaa.gov/oa/cliamte/igra/index.php (Accessed
March 2015).
[25] Integrated Surface Database (ISD), www.ncdc.noaa.gov (Accessed March 2015).
[26] Z. I. Janjic, “Comments on “Development and Evaluation of a Convection Scheme for Use in Climate Models,” J.
Atmos. Sci., No. 21, 57 (2000).
[27] Z.  I.  Janjic,  “The Step-Mountain Eta Coordinate Model:  Further  Developments of  the Convection,  Viscous
Sublayer, and Turbulence Closure Schemes,” Mon. Wea. Rev., 122 (1994).
[28] L.  Mahrt  and M.  Ek,  “The Influence of  Atmospheric  Stability  on  Potential  Evaporation,”  J.  Climate  Appl.
Meteorol., No. 2, 23 (1984).
[29] E. J. Mlawer, S. J. Taubman, P. D. Brown, et al., “Radiative Transfer for Inhomogeneous Atmospheres: RRTM, a
Validated Correlated-k Model for the Long-wave,” J. Geophys. Res., No. D14, 102 (1997).
[30] Model  MM5 Description (Fifth-generation NCAR/Penn State  Mesoscale  Model),  www2.mmm.ucar.edu/mm5/
mm5 -home.html.
[31] B. E. Moroz, H. L. Beck, A. Bouville, and S. L. Simon, “Predictions of Dispersion and Deposition of Fallout from
Nuclear Testing Using the NOAA-HYSPLIT Meteorological Model,” Health Phys., No. 2, 99 (2010).
[32] M. Nakanishi,  “Improvement of Mellor-Yamada Turbulence Closure Model Based on Large-eddy Simulation
Data,” Boundary-Layer Meteorol., 99 (2001).
[33] M. Nakanishi and H. Niino, “An Improved Mellor-Yamada Level-3 Model with Condensation Physics: Its Design
and Verification,” Boundary-Layer Meteorol., 112 (2004).
[34] M. Nakanishi and H. Niino, “An Improved Mellor-Yamada Level-3 Model: Its Numerical Stability and Application
to a Regional Prediction of Advection Fog,” Boundary-Layer Meteorol., 119 (2006).
[35] M. Nakanishi and H. Niino, “Development of an Improved Turbulence Closure Model for the Atmospheric
Boundary Layer,” J. Meteorol. Soc. Japan, 87 (2009).
[36] NARR Dataset, National Centers for Environmental Prediction/National Weather Service/NOAA/U.S. Department
of Commerce. 2005, Updated Monthly. NCEP North American Regional Reanalysis (NARR). Research Data
Archive at the National Center for Atmospheric Research, Computational and Information Systems Laboratory,
http://rda.ucar.edu/datasets/ds608.0Z (Accessed March 2015).
[37] J. P. Olson and J. M. Brown, “A Comparison of Two Mellor-Yamada-based PBL Schemes in Simulating a Hybrid
Barrier Jet,” in Proceedings of the 23rd Conference on Weather Analysis and Forecasting/19th Conference on
Numerical Weather Prediction, Omaha, NE, 2009.
[38] H.-L. Pan and L. Mahrt, “Interaction between Soil Hydrology and Boundary-layer Development,” Boundary-
Layer Meteorol., No. 1/2, 38 (1987).
[39] R. Pincus, H. W. Barker, and J.-J. Morcrette, “A Fast, Flexible, Approximate Technique for Computing Radiative
Transfer in Inhomogeneous Cloud Fields,” J. Geophys. Res. (2003).
[40] J. Reisner, R. M. Rasmussen, and R. T. Bruintjes, “Explicit Forecasting of Supercooled Liquid Water in Winter
Storms Using the MM5 Mesoscale Model,” Quart. J. Roy. Meteorol. Soc., No. 548, 124 (1998).
[41] W. C. Skamarock, “Positive-definite and Monotonie Limiters for Unrestricted-timestep Transport Schemes,”
Mon. We a. Rev., 134 (2006).
[42] W. C. Skamarock, J. B. Klemp, J. Dudhia, et al., A Description of the Advanced Research WRF Version 3, NCAR
Tech. Note NCAR/TN-475+STR (2008).
[43] J. Smagorinsky, “General Circulation Experiments with the Primitive Equations: 1. The Basic Experiment,” Mon.
Wea. Rev., 91 (1963).
[44] A.  Stohl,  “Computation,  Accuracy  and  Applications  of  Trajectories—a  Review  and  Bibliography,”  Atmos.
Environ., 32 (1998).
[45] A. Stohl, C. Forster, A. Frank, et al., “Technical Note: The Lagrangian Particle Dispersion Model FLEXPART
Version 6.2,” Atmos. Chem. Phys., 5 (2005).
[46] A. Stohl, M. Hittenberger, and G. Wotawa, “Validation of the Lagrangian Particle Dispersion Model FLEXPART
against Large Scale Tracer Experiment Data,” Atmos. Environ., 32 (1998).
[47] A. Stohl, P. Seibert, G. Wotawa, et al., “Xenon-133 and Caesium-137 Releases into the Atmosphere from the
Fukushima Dai-ichi  Nuclear Power Plant:  Determination of the Source Term, Atmospheric Dispersion, and
Deposition,” Atmos. Chem. Phys., 12 (2012).
[48] G. Thompson and T. Eidhammer, “A Study of Aerosol Impacts on Clouds and Precipitation Development in a
Large Winter Cyclone,” J. Atmos. Sci., 71 (2014).
[49] G. Thompson, P. R. Field, R. M. Rasmussen, and W. D. Hall, “Explicit Forecasts of Winter Precipitation Using an
Improved Bulk Microphysics Scheme. Part II: Implementation of a New Snow Parameterization,” Mon. Wea.
Rev., 136 (2008).
[50] G. Thompson, R. M. Rasmussen, and K. Manning, “Explicit Forecasts of Winter Precipitation Using an Improved
Bulk Microphysics Scheme. Part I: Description and Sensitivity Analysis,” Mon. Wea. Rev., 132 (2004).
[51] L. J. Wicker and W. C. Skamarock, “Time-splitting Methods for Elastic Models Using Forward Time Schemes,”
Mon. Wea. Rev., 130 (2002).
